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Carnot's cycle is the only perfectly reversible process by which work can be derived indefinitely from a single source and refrigerator maintained at given constant temperatures. If, owing to imperfect thermal contact such as occurs in practice, a difierence of temperature occurs between the working substance and the source and refrigerator respectively when heat passes between them; or if the intermediate transformations are not perfectly adiabatic owing to radiation, or, again, if the expansions and contractions of the intermediary system 3 are retarded by friction, viscosity, or such resistances, the resulting cycle is irreversible.
27. Efficiency of a lieat engine. The efficiency of a heat engine or motor is defined to be the ratio of the quantity of work produced to the quantity of heat absorbed from the source, and hence if Q{ and Q$ are the quantities of heat absorbed from the source and given to the refrigerator, expressed in work units, the work done is (>t — Q»
and the efficiency is    *~ •*'*•
L* l From the Olausiits axiom we now deduce the following:
Of all heat motors working bettveen given temperatures that which is perfectly reversible has the. greatest efficiency.
Let M and N be two heat motors, and if possible let N be perfectly reversible, and let M be more efficient than N. Let the two motors have the same source and refrigerator, and let the motor M transform heat into work, while N} performing the reverse cycle, transforms this work back into heat. Then since M is more efficient than N, the quantity of heat absorbed from the source by M" is less than the quantity which N would have to absorb to perform the same amount of work, and is therefore less than the \ quantity of heat N gives to the source when N performs the reverse transformation. Hence the source receives more heat than, it loses, and since no work is performed on the whole, this heat must be taken from the refrigerator. Thus heat passes from, a colder body (the refrigerator) to a hotter body (the source) without work being absorbed. But this is contrary to Clausius' axiom. Therefore M cannot be more efficient than N. By similar reasoning we may also show that all reversMe motors working "between the same temperature ham the same efficiency.
It  follows  that  the  efficiency 1 — •£?  of  every such  reversible
t'i transformation   between   temperatures   t±   and  #2   is  the   same;   this
efficiency  must  therefore  be  a  function   of the temperatures  only. Hence •*? is a function of ^ and /2 only and therefore we may write
'
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